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(54) Active Matrix Assembly for 
Display Device 



(57) An active matrbc assembly for a 
display device comprises a first thin 
layer of silicon (27). an insulating layer 
(30) on the first layer of silicon, and a 
second thin layer of silicon (29) on the 
insulating layer. The first and second 



layers of silicon constitute a channel 
region (28) and a gate, respectively, of 
a thin film transistor and the 
electrodes of a capacitor, whilst the 
insulating layer constitutes the 
dielectric of the capacitor and the gate 
insulation of the transistor. The 
transistor addresses signals from a 
data line to the capacitor which drives 
a liquid crystal display. 




The drswinos originally filed were inftonnal and the print here reproduced is taken from a later filed fonnal copy. 
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SPECIFICATION 
Active Matrix Assembly 

This Invention relates to active matrix 
assemblies, for example, for display devices using 
5 MIS (metaNnsulator-semiconductor) transistor 
arrays. 

Display devices or display panels with active 
matrix assemblies have been attracting much 
attention in that the size of the matrices can be 
10 increased and hence the panels can be made 
^ relatively large in size with a greater number of 
display elements or dots. Patlcularty, application 
of an active matrix assembly to dl^lay television 
^ pictures is now under consideration since pas^e 
15 " displays, such as liquid crystal displays, have 

limitations imposed by the drive duty in a dynamic 
system. 

According to the present Invention there Is 
provided an active matrix assembly including a 
20 thin layer of ^licon which defines a channel 
region. 

The assembly may Include a first thin layer of 
' silicon, a first Insulating layer on said first layer of 
sDicoa and a second thin layer of silicon. 

25 Said first and second layers of silicon may 
constitute a channel region and a gate, 
respectively, of a transistor. Alternatively said first 
and second layers of ^Icon may constitute a gate 
and a channel region, respectively, of a transistor* 

30 Said first insulating layer preferably constitutes 
a dielectric of a capacitor, and said first and 
second layers of silicon constitute electrodes of 
the capacitor. 

One embodiment of the assembly may include 

35 a second insulating layer on said second layer of 
silicon and wiring material on said second 
. insulating layer, said second insulating layer 
constituting a dielectric of a capacitor, said 
second layer of silicon and said wiring material 

40 constituting electrodes of the capacitor. 
Said assembly may be fonned by a low 
temperature process at a temp^ture of 600^C 
or less, ssid first insulating layer comprising an 
oxide film fonmed k>y an Oj plasma technique. 

45 AKematively said assembly may be formed by a 
low temperature process at a temperature of 
eOO'^C or less, said first and/or second insulating 
* layer comprising an oxide film formed by an 0^ 
plasma technique. 

50 In a preferred embodiment said layer of silicon 
*which defines the channel region Is locally 
annealed by a laser beam or electron beam. Thus 
said layer of silicon which defines the channel 
region may be formed by a reduced pressure 

55 chemical vapour deposition technique at a 
temperature of 600^0 or less. 

Preferably said layer of silicon which defines 
the channel region has a thickness of 3,700A or 
less. An active matrix assembly according to tiie 

60 present invention may include a transparent 
substrate and a transparent liquid crystal driving 
electrode on said transparent substrate. Thus the 
assembly may include wiring material for a data 
line, said transparent liquid crystal drwing 



55 electrode being made of a material which is the 
same as said wiring material. 

Said transparent liquid crystal driving electrode 
may be made of a Si„02 film, a metal film having a 
thickness of 500A or less, or a thin film of sllteon. 

70 In an alternative process for making an active 
matrix assembly according to the present 
invention, said assembly is formed t>y a high 
temperature process at a temperature of SOO'^C 
or higher, sak) first insulating layer comprising a 

75 thin thermal oxide film of silicon. The assembly 
may be formed by a h^h temperature process at 
a temperature of 500*^0 or h^her, said first 
ancb^or secdrtd insulating layer comprising saki 
first and/or second layer of silrcon respectively 

80 which^as been thermally oxidised. 

The assembly preferably includes a llquki 
crystal segment drivable in a twisted nematic 
mode. 

In one embodiment the assembly includes a 
85 substrate on which the active matrix assembly is 
fonned together with at least one peripheral drive 
circuit said at least one peripheral drive circuit 
including non-inverting ratloless shift registers. 
The Invention is illustrated, merely by way of 
90 example. In the accompanying drawings. In 
which: 

Rgurs 1 is a schematic diagram of a cell of a 
conventional active matrix assembly; 

Figure 2 is a plan view showing tiie structure of 
95 thecellofRgurel; 

Rgure 3 is a schematic diagram of a cell of one 
embodiment of an active matrix assembly 
according to the present invention; 

Figure 4 consists of Rgures 4(A) and 4(B) 
100 which are plan and sectional view (on line A — B 
of Figure 4(A)) respectively of the cell of Rgure 3; 

Figure 5 Illustrates a tiquki crystal display 
device incorporating an active matrix assembly 
according to the present invention; 
105 Rgure 6 Is a cross-section of a cell of another 
embodirnent of an active matrix assembly 
according to the present Invention; 

Rgure 7 illustrates a modification of the ceil of 
Rgure 6; 

110 Rgure 8 is a schematic diagram of a cell of 
another embodiment of an active matrix assembly 
according to the present Invention; 

Figure 9 consists of Rgures 9(A) and 9(B) 
which are plan and sectional views (on line Ar-B 
115 of Rgure 9(B) respectively of the structure of the 
cell of Rgure 8; 

Figure 1 0 Is used to illustrate processes for 
manufacturing the cell of Rgure 9; 

Rgure 1 1 illustrates graphically the 
120 relationship between mobility and temperature of 
formation of a first thin layer of sllteon by the 
process described in relation to Figure 10; 

Figure 12 is a graph illustrating the relationship 
between OFF leakage current as a functiori of 
125 thickness of the first thin layer of silicon; 

Rgure 1 3 Illustrates a drive circuit for a gate 
line of an active matrix assembly according to the 
present invention; 

Rgure 1 4 is a timing chart to illustrate the 
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operation of the driving circurt of Rgure 1 3; 

Rgure 1 5 illustrates the drive drcuft for a data 
line of an active matrix assembly according to the 
present invention; 
5 Rgure 1 6 is a timing chart to illustrate the 
operation of the drive circuit of Rgure 1 5; and 

Rgure 1 7 is a drcuft diagram of a complete 
active matrix assembly according to the present 
invention. 

1 0 Throughout the drawings like parts have been 
designated by the same reference num^ls. 

Rgure 1 illustrates a cdl 1 of a conventional 
acdve matrix assembly. An address line X is 
connected to a gate of a transistDr 2. When the 

1 5 transistor 2 Is rendered conductive, a signal from 
a data line Y b stored as an electric charge on 
capacitor 3. At the same time, the signal stored in 
the capacitor 3 drives a liquid crystal display 
segment 4. A common electrode signal is 

20 indicated by Vc Since the liquid crystal display 
segment uridergoes retath^eiy Irttle charge 
leakage, it is sufficient to store the charge on the 
capacitor 3 for only a relatively short period of 
time. Conventionally« the transistor 2 and the 

25 capacitor 3 are manufactured In the same manner 
as conventional integrated circuits. 

Rgure 2 illustrates the structure of the cell of 
Rgure 1 made by silicon gate process. A 
transistor 10 and a capadtor 1 1 are formed on a 

30 single crystal silicon wafw substrate. The address 
line X and an upper electrode 12 of the capacitor 
are made of polycrystalline silicon (polysiliconh 
and the data line Y and a Ikiuid crystal driving 
electrode 13 are made of aluminium. The 

35 substrate and the aluminium, and the 

polycrystalline silicon and the aluminium are 
connoted together through contact holes 7, B, 9. 

An acth^ matrix assembly formed by this 
conventional integrated drcuit technique has the 

40 following disadvantages. 

Rrst since the active matrix assembly is 
manufactured at the same time as other 
integrated drcurts, the manufecturing process is 
relatively complicated and costly, and yield 

45 becomes poor due to junction charge leakage 
between tfie silicon substrate and the other 
elements, with a resulting irtcreased overall cost 
of manufecture. Particulariy, leakage current flow 
across the junction t>etween the silicon substrate 

80 and the diffusion layer which composes the 
source and drain of the transistor, the leakage 
current being substarrtially deperKlent on defects 
ill the silicon substrate which is a single crystal 
Such a leakage cun^nt is several hundreds of 

55 picoamps (PA) or less for a single cell and it is 
extremely difficult to eliminate leakage current 
completely when there are tens of thousands of 
such cells. The leakage current causes the charge 
stored on the capadtor 3 to discharge, k>wering 

80 thedegreeof contrast of any display produced. 
A second disadvantage Is that since the liquid 
crystal driving electrode 1 3 is of aluminium and 
does not transmit light, a light-transmhting 
arrangement using a conventional FE liquid 

65 ciystal display segment Is not feasible and hence 



application Is limited to display segments in 
which light is reflected from a mirface of the 
aluminium liquid crystal driving electrode, such as 
a guest-host liquid crystal display segment or a 

70 DSM liquid crystal display segment. The guest- 
host liquid crystal display segm^rt, however, has 
a reduced degree of contrast, and a DSM liquid 
crystal display segment Is greatly dependent on 
viewing angia 

75 A further disadvantage is that the 11^ which 
enters the substrate through gaps In the ik^uld 
crystal driving electrode 1 3 forms electron4iQle 
pairs which migrate to produce a photo current 
discharging the capacitor and thte again lowers 

80 contrast 

Rgure 3 illustrates a cell of an acth^ matrix 
assembly according to the present invention 
which IS tMisically the same as the cell 1 shown In 
Rgure 1 except that there Is a grounfl Ihf^e GND for 

85 the capacitor 3. 

Rgure 4 shows the structure of the cell of 
Rgure 3, Rgure 4<A) being a plan view showing 
an address line 26 connected to a gate of a 
channel 28 of a transistor having a source 

90 constituted by a data line 25 and a drain 

constituted by a driving electrode and a capacitor 
electrode 29. A ground line 27 constructed in 
the same fashion as the address line 26 and 
provides a capacitance between Itself and the 
95 electrode 29. 

Rqure 4(B) is a cross-sectional view taken 
along the line A — B in Rgure 4(A). One process 
for the manufacture of the structure shown In 
Rgure 4 Is as followa A layer of polycrystalline 

100 silicon about 3000 A In thtekness Is grown on a 
substrate 3 1 of a high melting point glass such as, 
for example, quartz, and therMr fle r P Ions are 
implanted over the entire surface to form an N- 
type polycrystalline silk»n layer. A thin film of 

105 SiO, may be formed In advance. If rracessary, for 
improved intimate bonding contact Next a gate 
26 and a capacitor electrode 27 are formed by 
photo-etching a film 30 of SIO, about 1 500A In 
thickness if grown by a thermal oocUatfon 

110 technique to form a gate Insulating film and a 
dielectric film of the capacitor. A second layer of 
polycrystallirte silicon is then formed artd 
patterned by a photoetching technique. Then, 
with a photoresist mask placed over the sec&nd 

115 layer of polycrystalline s{lkx>n, P fems are 

implanted over those areas exceptfor the channel 
28, thereby forming source and drain electrodes, 
the data line 25 and a driving electrode for the 
liquid crystal segment whteh driving electrode 

1 20 doubles as a capacitor electrode. Since at this 
stage the transistor has poor threshold and 
corKluctam^e performance, the chanr^ 28 or the 
overall assembly are illuminated uniformly with 
laser light to fuse and solidify the polycrystalline 

1 25 sllloon in a relatively short period of time for grain 
growth, whereby performance of the transistor 
can be improved. This procedure is the so-called 
"laser annealing" technique. 

Rgure 5 is a schematic cross-eectfonal view of 

130 a lk|ukl crystal display devteehmAlg an active 



GB 2 081 018 A 3 



matrix assembly according to the present 
invention. A liquid crystal display segment 38 Is 
sandwiched between a quartz substrate 35 
canrying a polycrystalllne silicon electrode 37 
5 thereon and a glass layer 36 with a common 
electrode 39 of, for example NESA (T rade Mark)- 
This arrangement is sandwiched between 
polarizing plates 32, 33 with a reflector 34 
attached to the plate 33. Incident light Ondicated 
10 by arrows) from above passes substantially 
through the electrode 37 and Is reftected by the 
^ reflector 34 before the light Is sensed by the 
human eya Such an arrangement allows ordinary 
FE liquid crystal display segments (e.g. those 
1 5 operating in the twisted nematic liquid crystal 
* mode) to be employed which provide a high 
degree of contrast and a wide angle of vision. 

The cell shown in Rgure 4 employs a 
transparent electrode but an aluminium electrode 
20 may be used. Moreover, the transistor may be 
fbnned on the silicon substrate whereon a 
thermal oxide film is provided. Instead of the 
substrate of quartz. 

Rgure 6 is a cross-sectional view of a cell of 
25 another embodiment of an active matrix assembly 
according to the present invention, the cell being 
constmcted on an ordinary glass substrate 40. A 
first potycrystalline silicon layer is formed on the 
glass substrate 40 by a low temperature film 
30 growth technique such as a sputtering technique, 
or plasma vapour deposition (CVD) technique, and 
then P Ions or B Ions are implanted all over silicon 
layer. A gate 43 and a capacitor electrode 42 are 
formed by a photo-etching technique of the 
35 silicon layer. An insulating film 44 of, for example, 
SiOs is then formed by a low temperature film 
growth technique. A second polycrystalllne silicon 
layer 45 is formed at a low temperature, which 
serves as the source and drain of the transistor, 
40 and a capachor and a driving electrode. The 

second silicon layer is either not doped, or B ions 
are Implanted to an extent sufficient for threshold 
enhancement P ions are Implanted in the source 
and drain and the area that defines the capacitor 
45 and the driving electrode but not in the region of a 
channel region. 

Thereafter, a localized portton of the whole 
assembly is illuminated vwth a laser beam for 
" laser annealing. The laser beam is partially 
50 absorbed in the first and second silicon layers, but 
passes through the glass substrate 40. Thus 
• annealing without adversely affecting the glass 
substrate is possible when treated with an 
appropriate energy laser beam applied for a 
55 suitable period of time (detennlned by the pulse 
inten/al of a pulse laser, and by a scarming speed 
with a CW laser) and activation of ion-implanted 
Impurities in the first silicon layer and for good 
grain growth (particularty in the region of the 
60 channel 48) and activation of iorHmplantation 
impurities in the second ^licon layer. Thus an 
active matrix assembly of this construction has 
the advantage that less costly glass can be used 
for the substrate because it is less affected by 
65 laser annealing than by an ordinary annealing 



technique. Moreover, simultaneously laser 
annealing activates the Impurities and grows the 
grains of the silicon layers, especially when made 
of polycrystalllne silicon, for improving transistor 

70 characteristics and In particular ion mobility. 
As shown In Figure 7, aluminium may be 
deposited and pattemed by a photo-etching 
technique to form source and drain electrodes 46, 
47. The aluminium and silicon are subjected to 

75 heat treatment or illuminated with a weak laser 
beam to obtain good contact between them. 

The active matrbc assemblies according to the 
present invention mid described above have 
potycrystalline silicon electrodes on a transparent 

80 substrate with the following advantages. The 
manufecturing process is relatively simple (three 
or four photo-etching steps are sufficient) and less 
costly than conventional processes requiring six 
photo-etching steps. P — N junctions are much 

85 fewer than with a bulk silicon process such as 
described in relation to Figure 2. There is only 
slight Junction cunrent leakage and there is an 
increased manufacturing yield The liquid crystal 
driving electrode is virtually transparent, thus 

90 enabling the display device shown in Figure 5 to 
have an increased viewing angle and Increased 
contrast 90% or more of the incident light passes 
through the display device and an interval of 
diffiidon of earners in the polycrystalllne silicon 

95 layera is relatively short, so that substantially no 
photo cunrent Is generated whereby the problem 
of leakage current due to incident light Is 
overcome. This leakage current due to Inckient 
light may be reduced to 1 0 PA or less when the 

1 00 incident light is 1 0* lux and yet the display 
remains visible. 

An active matrix assembly according to the 
present invention may be used in tiie construction 
of a portable Tiquid crystal display television of 

1 05 low power consumption. A television screen can 
be manufectured which ghres a h^h degree of 
contrast even when watched outdoors under 
relatively intense sunlight 

Rgure 8 is a schematic diagram of a cell of 

110 arK>ther embodiment of an active matrix assembly 
according to the present Invention arKl is a 
modification of the active matrix assembly of 
Figure 4. The active matrix assembly shown in 
Rgure 8 differe from that shown in Rgure 4 in 

115 that a capacitor 1211$ connected between the 
data line Y and the ground line 6ND and a 
capacitor 1 22 is connected between the data line 
Y and the address line X serving to sample and 
hold display data input The ground line 6ND Is 

1 20 held at constant bias voltage whh a bias level or 
a signal level selected as desired. 

Rgure 9 shows the structure of the ceil of 
Rgure 8, Rgure 9(A) being a plan view and Rgure 
9(B) being a cross-sectional view. On a 

1 25 transparent substrate 1 33, there is formed a first 
thin layer 128 of silicon which defines the souroe, 
drain and channel of a transistor, a second thin 
layer 1 26 of silicon or its equivalent line layer 
which defines a gate line sen/ing as the gate of 

1 30 the trandstor, a ground line 1 27, and a data line 
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1 25 made of a transparent lownresistance 
material such as a NESA frrade Mark) ftim of 
SqCj or a metal layer having a thickness of several 
hundreds A or less, them bdng contact holes 129 
5 through which a liquid crystal driving electrode 
131 and the sllicon laym are electrically 
connected together. An area wherein a ground 
tine 1 27 and the liquid crystal driving electrode 
181 overlap constttutes the capacitor 3. A source 

10 134 and a drain 135 ofthe transistor are formed 
by drffii^on {P* drffu^on if a P type channel is 
to be formed). A channel 1 30 is disposed below a 
gate electrode 138 with a gate insulation film 
136 Interposed therebetween. The gate electrode 

16 138 is surrounded by an Insulation film 137 such 
as an oxkie film. 

RguiiB 10 illustrates a process of 
manufacturing the cell shown in Rgure 9. There 
are two practical manufacturing processes 

20* available, one being a low-temperature process 
and the other being a high-temperature process. 
The low-temperature process uses a relatively 
ipexpensive glass as the transparent substrate 
i 33, for example, a high melting point glaiss such 

25 as Pyrex (Trade IMark) or Coming (Trade Mark) 
glass and is performed at a temperature of 60io*^C 
or less. According to the low^mperature 
process, a thin layer 1 40 of silicon is formed on 
the substrate 1 33 by a CVD technique such as a 

30 plasma CVD technique or a reduced-pressure 
CVD technique or a sputterirtg technique and then 
the thin layer 1 40 of silicon thus formed is 
patterned as desired by a photo-etching 
technique. Thereafter, its surfoce Is oxidised in an 

35 O2 plasma atmosphere. In practice, an equivalent 
insulation film may be deposited by a CVD 
technkiue. As a result an oxkle film 141 which 
will serve as a gate insulation film is formed on a 
thin film 140of siiicon (Figure 10(a)). 

40 Subsequently, a second thin layer 1 45 of silicon is 
deported in the same manner as the first thin 
layer of silicon, and is patterned by a phoU>- 
etching technique. Then the oxide film 141 is 
etched with the second thin layer 145 of dlloon 

45 acting as a mask thereby to define a gate 
insulating fHm. At the same time, a window 
opening Is made preparatory to diffusion, and ions 
are implanted whereupon a source 142, a drain 
143 and a channel 144 are formed (Rgure 10(b)). 

50 Thereafter, the assembly is subjected again to a 
plasma treatment in an atmosphere to form a 
plasma oxkJe film 146 on the surfoce, and is 
aonealed at a temperature in the range of 400^C 
to eOO^'C (Rgure 10(C)). The foregoing process is 

55 characterised In that the thin layer 1 40 of sllicon 
is oxidised directly by a plasma treatment 
technique and the gate insulating film of a 
transistor and the dielectric film of a capacitor 
produced by the process are more advantageous 

60 than oxide films produced by CVD techniques In 
that mobility Is improved and reliability is 
increased. 

The high-temperature process is based on 
using a transparent substrate having a melting 
65 point of 600''C or higher, and includes a step to 



be performed at a temperature exceeding QOO^p. 
Since the process Involves annealing at a high 
temperature, mobility and reliability of transistors 
produced are improved. The hlgh^emperature 
70 process will t>e described with reference to Rgurs 
1 0 again as the structure of a transistor formed is 
the same as that of a transistor produced by the 
low-temperature process. In Rgura JO(a), a first 
thin layer of dlicon is formed on a transparent 
75 substrate by a reduced pressure or normal 
pressure CVD technk)ue and is patterned to 
provide the thin film 140 of silicon. Then, It • 
thermally oxidised at a temperature between 
900°Cand llOO^^CtofonntheoxWefilm 141. 
80 Subsequently, as illustrated in Rgure 10(b), the 
second thin layer 1 45 of sllicon is deposited in the 
same manner as the first thin layer of silicon, end 
the second thin layer 145 of silteon is then 
patterned and used as a mask to etch the oxkle 
85 film 1 41 . or P** Impurities are pre-<leposfted, or 
Ions are implanted without etching the oxkle film 
141 to form the source 142 and the drain 143. 
Thereafter, the thermal oxide film 1 46 which will 
serve as the dielectric film of the capacitor 3 Is 
90 formed In the same manner as the gate Insulating 
film shown in Figure 10(c). 

With the arrangement Illustrated In Rgure 9, 
the gate insulating film of the translstoris self- 
aligned by forming the first thin layer of silicon on 
95 a thin oxide or silicon film, and such self- 
alignment reduces parage capadtance thereby 
to prevent reduction of mobility and ^^eed as 
compared with the conventional single crystalline 
bulk silicon process already described In relation 

100 to Rgure 2. In addition, the oxide film on the 
second thin layer of silicon or an Insulating film 
thereon Is used as the dielectric film ofthe 
capacitor 3 and the capacitors 121, 122 for 
sampling and holding the data line. According to 

105 the conventional bulk silicon process, the gate 
insulating film of the tran^stor and the capacitor 
entirely use a thermal oxkle film of bulk silicon. 
However, where doping of impurities results in 
gate self-alignment as shown In Rgure 1 0(fo), 

110 high density impurities cannot go under the 
second layer of silicon which will constitute one 
electrode of the capacitor. The capacHor thus 
formed is unstable and difficult to use. For the 
capacitor to be used, an additional step Is ^ 

115 necessary to dope the lower capacitor electrode 
heavily with impurities as with the bulk silicon. As 
shown in Rgure 9, therefore, the dielectric film 
which will form the capacitor 3 Is formed on the 
second tiiln layer of silicon, thereby to simplify the 

1 20 manufocturing process and render the capadtor 
stable. 

The manufocturing steps sut>sequent to tiie 
step shown In Rgure 10(c) are substantially the 
same in either the low-temperature or the higfv- 

1 25 temperature process. Contact holes are formed to 
provide contact between the line, the first and the 
second layers of silicon, and a material which 
serves as the line and transparam cblve 
electrodes, for example, a NESA fTrade Mark) film 

130 or a metal film having a thtekr^s^sf several 



GB 2 081 018 A 



hundreds A or less are formed by a guttering 
technique or an evaporation technique and 
pattented by a photo-etching technique. Where a 
material such as NESA rTrade Mark) film is 
5 employed which is dlfficuit to get in direct contact 70 
with the thin film of silicon, a substance such as, 
for example, gold or nickel-chromium is applied in 
appropriate areas for ease of contact 

Since the transistor prepared according to the 

10 process of the present invention has reduced 75 
mobility and Increased OFF leakage cunrent as 
compared with a transistor formed by the bulk 
silicon process, care shouki be taken to avoid the 
difficuities referred to hereafter. The curve (A) 

1 5 shown in Rgure 1 1 illustrates mobility of a 80 
tran^stor at 1 0 volts which is formed by the high- 
temperature process where the first thin layer of 
silicon is deposited by a reduced-pressure CVD 
technk|ue at different temperatures. It has been 

20 found experimentally that mobility abruptly 85 
improves v^en the deposition temperature drops 
below 600°C. Accordingly, improved mobility and 
reliable re^onse can be obtained by forming the 
first thin layer of silicon by a reduced-pr^sure 

25 CVD technique at a temperature of 600*'C or less. 90 
Figure 12 is a graph illustrating OFF leakage 
current IL of a transistor at 1 0 volts as a function 
of the thickness of the first thin layer of silicon. It 
has been found by experiment that the leakage 

30 current is reduced betow 500 PA (5x10^*^ amps) 95 
or less to enable trouble-free usage when the 
thickness of the first silicon layer Is 3,700 A or 
less. 

The low-temperature and high-temperature 

35 processes described above result In a relath<ely 100 
large reduction in mobility. It is therefore 
considered that improvement may be obtained by 
annealing the first thin layer of silicon with a laser 
electron beam applied locally at a high 

40 temperature with care being taken not to 105 
adversely affect the substrate. Curve (B) in Rgure 
1 1 shows improved mobility of a transistor 
achieved by having a thin &\\con film prepared as 
with that of curve (A) and illuminated with a laser 

45 beam of 0.12 mJ per pulse and a pulse width of S 110 
onsec by a Q switch method. Furthermore, 
mobility of a transistor accorcfing to the low- 
temperature process which has been formed by 
deposition on a high-melting point glass at 500^C 

50 to 540**C and then laser-annealed under the 115 
same conditions coincides substantially with that 
indicated by cun/e (B) In Figure 1 1 . From the 
foregoing, it will be seen that localised annealing 
by means of a laser or electron beam Is effective 

55 in either the tow-temperature process or higf^- 120 
temperature process already discussed abova 
One method has already been described for 
making the active matrix assembly of Hgure 4 but 
it can also be made by a low-4emperature 

60 process. In such a process, the gate of the 1 25 

transistor is defined by a first layer of silicon and 
the channel of the transistor is defined by a first 
layer of silicon, such that heavy drffuston is 
possible as desired on both the thin layers of 

65 silicon, and a gate oxide film which Is fonned by 1 30 



oxidising the first layer of silicon or the gate 
insulating film on the first layer of silicon Is 
available as a dielectric layer of a capacitor. 
Therefore, only one step suffices for forming the 
oxide film. The first layer of silicon provides 
address and ground lines, and the second layer of 
silicon pro^des a data line, whh the result that no 
step is necessary to deposit wiring material and to 
pattern the latter by photo-etching, which is the 
case with the anangement shown In Rgure 9. 
Furtfiermore, a silicon film is used as a 
transparent electrode for driving the liquid crystal 
display segmerrts^ the silicon film li^ng 
sufficiently transparent If It is 3000 A or less In 
thickness. 

The active matrix assembly shown in Rgure 9 
which employs transparent liquki crystal driving 
electrodes on a transparent substrate, can provide 
a much greater degree of contrast than that made 
by the bulk sllteon process already described, 
since the latter has an opaque substrate and 
hence cannot rely on FE (TN) liquid crystal 
segments which pro^de maximum contrast 

Where an opaque substrate or an opaque 
driving electrode Is used with an active matrix 
assembly according to the present invention, no 
substantial contrast improvement Is attained If 
Guest-Host display segments or DSM type liquid 
crystal display segments are empkiyed as witfi 
tfie conventk>nal bulk silteon process. However, 
the active matrix assemblies of the present 
invention still serve to simpltfy manufacture, 
increase yield for each step; and prevent 
elimination of the display due to cun^nt leakage 
due to incklent light 

With a substrate of, for ^cample, glass or 
quartz, a display panel can be assembled more 
easily than a conventional panel In which one 
electrode of a liquki crystal segment is formed by 
the bulk silicon process. If a single crystal s{lkx>n 
wafer is used for the transparem substrate 36 of 
Rgure 5, it tends to be easily cracked along a 
cleavage plane when subjected to force during 
assembly.'ln addition, the silicon wafer may warp 
to a large extent when thermally treated for 10 
fm or more while the Tiquki crystal segment 38 
hasa^k:knessof fromS/imto 15^. With 
ikiuid crystal segments having a constant 
thickness, the assembly operation becomes 
complicated. 

The liquid crystal segments are insufficiently 
sealed at a high temperature because they and 
the glass above them have different coefficients 
of expansion. The foregoing difficulties are all 
overcome by \]q\M crystal display devices shown 
In Rgure 5 in which glass or similar material is 
used as a substrate for the lower electrode. Thus, 
the display panel can be assembled relatively 
easily with good yiekl in the same manner as 
ordinary liquid crystal display panels. 

The capacitor 3 serves to hold display data for 
the active matrix assembly for a given period of 
time, say about 1 6 msec, for a television picture 
Image as an example. Where the transistor 2 has 
a leakage cunmt of 1 00 PA or less at 1 0 vohs. 
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the capadtor 3 ^outd have a capacrtance of from 
0.5 PF to 1 PF. When the thickness of the liquid 
crystal segment Is 1 0 fjon or less, especially whh a 
high specific inductive capacity of 1 0 or greater, 
5 the liquid crystal segment itself has a capacity of 
0.5 PF or greater, with the result that the 
capacitor 3 can be dispensed with together with 
the grourd line 6ND so that the effecth^ area of 
the liquid crystal display device Is increased giving 

10 improved contrast and the reduced number of 
elements incre^es yield. The sampling and 
hotcBng capacitance of the data line Y is mainly 
constituted by the parasitic capacitor 1 22 (Figure 
9) at the junction between the data address lines. 

1 5 The active matrbc assembly accordirtg to the 
present invention may include external drive 
circuits; that Is, a shift register and a sampling and 
holding clrcurt, to be formed on the same 
substrate. 

20 Rgure 1 3 shows a drive drcuit for a gate line. 
A plurality (/?) of shift register cells 1 80 are 
provided, eachcell comprising four transistors 
181 — 184 and a single bootstrap capacitor 185. 
A potential "1 " applied to a start pulse input Sp is 

25 transferred In successh/e synchronism with two- 
phase clock signals f^, Outputs to D„ of the 
shift register cells 1 80 are applied to gateJInes for 
successive selection of the gate lines as 
illustrated in Rgure 14. The transfer gate 

30 tran^stor 1 8 1 is connected as the input of each 
of the shift register cells. The potential "1 " is 
stored initially at T<, to and written in to 
by way of the bootstrap capacitors. If it were not 
for the transfer gate transistors D, and T,, and 

35 Tj^etCL would be short-circuited, thus requiring 
the bootstrap capacitance to be much larger than 
gate line capitance CGI to CGn. The pattern 
wouki ih&refoTB be enlarged and reduced ylekl 
would result For to Dn to be dicfiarged to level 

40 "0", it is only necessary to connect to the 
transistor 1 84. Where the shift register is 
actuated at a low frequency, however, since It 
malfunctions even if a slight current leakage 
occurs; the transistor 1 83 as a potentlaHbdng 

45 transistor is induded to restore to level^O^ for 
each half perfod of the dock signals so as to 
increase yidd and stabilise operation. 

Rgure 1 5 illustrates a drive drcuit for a data 
line of an active matrix assembly according to the 

50 present invention. A plurality of shift register cdls 
1 86 are provided, each shift register cell 
comprising a bootstrap capadtor 1 88, transistors 
139,191 and a reset transistor 190 for selecting 
a shift register. A start pulse SP (Rgure 1 6) is 

55 applied vfa an input gate 1 87 to an Initial shift 
register cell. Ou^uts S, to from the shift 
roister cells were applied to sampling and 
holding transistors to In synchronism witii 
a scanning signal, video input V, S (a vkieo signal 

60 or data writing signal) Is caused to be sampled 
and held in each of paradtic capacitors CG| to 
CD„, on the data Una Since the drive drcuit for 
the data line performs all operations In one 
scanning line, it operates at a high speed with 

65 substantially no concern over leakage cunrent 



However, care should be taken to maintain high-* 
speed operation arrd minimise power 
consumption which tends to be Fncreased due to 
high-speed operation. 

70 The shift register cells have a level of "1" only 
at one out of m bits, and hence power 
consumption Is small unless It Is docked. The 
sampling and hokJIng translstDrB H« to are 
required to effect high-speed ewltcnirig. Such a 

75 requirement can be met as their gates are 
supplied with inputs whk:h have an amplitude 
about twice that of the dock signal due to • 
bootstrap operation as shown frtF^ure 16. 
Figure 17 is a drcuit diagram of a comi^ete 

80 active matrix assembly accordliftg to the prea^nt 
Invention compridng data shift regtetors 1 98, 
1 99, dummy cells 1 94, 1 95 for producing return 
signals at final stages, and sampling and hok^ng 
• transistors to Hq^ the arrangement bdng . 

85 symmetrical with respect to a hortumtal centre 
line. Gate shift registers 1 92, 1 93 and dummy 
cells 1 96, 1 97 are located symmetrtcafly with 
respect to a vertical centre line. The peripheral 
drcuit may not be symmetrical and only one Half 

90 may be provkled. As illustrated, hoviwer, a 
plurality of rows, that Is, two rows, of shift 
registers are provkJed for the siika of yldd. FoUr. 
or eight rows of shift registers may well serve the 
purpose. 

95 With the active matrix asseitibly shov^ In 
Rgure 1 7 being composed of trahdstors that are 
constructed of thin films of silicon in the manner 
discussed above, the following advantages result 
Since, on the data line dde, tfie cteck frBqliency is 

100 high (several MHz) power oonsumptkm Is greater 
due to parasitic capacitance on th6 dock line Ifian 
due to the shift registers. More qsedflcally, virlth 
transistors constructed by the bulk silicon 
process, capacitance on tiie dock Rne and 

105 capacitance at the junction with the substrate- 
would amount to 1 00 PF or more, resulting In a 
reduction in speed of dock pulses and power 
consumption of 1 0 mA or more. However, the 
substrate used in the present invention has a 

110 parasitic capacitance of only ^BveralPF, and 
greatiy reduces down power contsumptf on and 
increases operational speed. Transistors 
constructed by bulk silicon process have a 
increased threshold voltage due to a track ga|Ss' 

115 effect if the potential at the source of tfie 
transistor 182 of Rgure 13 Is Increased As a 
result It Is necessary to raise the voltage at fhe 
gate of the transistor 1 82 In order to obtain a 
required -dgnal voltage, with tiie result that efthdr 

1 20 the level of the clock dgnal has to be Increased or 
the t>ootstrap capacitor 1 85 has to occupy a 
conskJerdsiy larger area. With trandstdrs 
constructed of thin films of sfllcon, however, tfie 
transistor substrate floats wftfuMit giving rise to a 

125 back gate effect and hence the dock amplitude 
may be reduced with resulting bmr power 
consumption, and the bootstrap capacitor may be 
small requiring a reduced area therefor. The. • 
bootstrap capacitors in the drive tArcult era 

130 ft>rn)ed badcalV of Isolation fMe'i^il^^ 



7 



GB 2 081 018 A 7 



gates and channels of the transistors, a feature 
which is different from the capacitors 3. The 
bootstrap capacitor should have an inter- 
electrode capacitance variable by the voltage at 
5 the gate or upper electrode. To that end, the lower 
electrode of the capacitor is made of a thin film of 
silicon which is doped lightly or is not doped at all. 

Simultaneous formation of the active matrix 
assemblies and the drive circuits with the thin film 

10 of silicon on the insulating substrate allows easy 
connecting wiring and renders the entire 
• assembly less costly. Since the drive circuits 
comprise non-lnvertf ng ratioless shift registers as 
shown in Figures 13 and 15, with parasitic 

1 5 • capacitance being reduced to a large e)ctent, a 
reduction in the overall power consumption, an 
increased yield, and a reduced cost are 
obtainable. 

Where the transparent substrate is under the 
20 control off a transparent liquid crystal drive, FE- 
type liquid crystal segments can be used which 
provide a maximum degree of contrast, so that 
the display has an increased degree of brightness 
and improved quality. \A/here the subsb>ate Is 
25 made of glass or a similar material, the display 
device or panel can be assembled with ease, yield 
of assembly is Increased and is simplified 
compared to active matrix assemblies 
constructed using conventional bulk stiicon 
30 processes. With the peripheral drive circuits on 
the same substrate as the active matrix assembly, 
a great reduction in power consumption results. 

Claims 

1 . An active matrix assembly including a thin 
35 layer of silicon which defines a channel region. 

2. An assembly as claimed in claim l lndudlng 
a first thin layer of silicon, a first insulating layer 
on said first layer of silicon, and a second thin 
layer of silicon. 

40 3. An assembly as claimed in claim 1 or 2 in 
which said first and second layers of silicon 
constitute a channel region and a gate, 
respectively, of a transistor. 

4. An assembly as claimed in dalm 1 or 2 In 
45 which said first and second layers of silicon 

constitute a gate and a channel region, 
respectively, of a transistor. 

5. An assembly as claimed in claim 3 or 4 In 
which said first insulating layer constitutes a 

50 dielectric of a capacitor, and said first and second 
' layers of silicon constitute electrodes of the 
capacitor. 

6. An assembly as claimed In claim 3 including 
a second insulating layer on said second layer of 

55 silicon and wiring material on said second 
insulating layer, said second insulating layer 
constituting a dielectric of a capacitor, said 
second layer of silicon and said wiring material 
constituting electrodes of the capacitor. 

60 7. An assembly as claimed in any of claims 2 to 
5 in whichsaid assembly is formed by a low 
temperature process at a temperature of 600^C 
or less, said first insulating layer comprising an 
oxide film fonned by an 0^ plasma technique. 



65 8. An assembly as claimed in claim 6 in which 
said assembly is formed by a low temperature 
process at a temperature of 600^C or less, said 
first and/br second insulating layer comprising an 
oxide film fbmned by an O, plasma technique. 

70 9. An assembly as claimed in any preceding 
claim in which said layer of silicon which defines 
the channel region Is locally annealed by a laser 
beam or electron beam. 

1 0. An assembly as claimed in any preceding 
75 dalm in which said layer of dlicon which defines 

the channel region Is formed by a reduced 
pressure chemical vapour deposition technique at 
a temperature of 600^C or less. 

1 1 . An assembly as dalmed in any preceding 
80 daim in which said layer of silicon which defines 

the channel region has a thickness of 3,700 A or 
less. 

1 2. An assembly as dalmed in any preceding 
daim including a transparent substrate and a 

85 transparent liquid crystal driving electrode on said 
transparent substrate. 

1 3. An assembly as claimed in dalm 1 2 
induding wiring material for a data line, saM 
transparent liquid crystal driving electrode being 

90 made of a material which is the same as said 
wiring material. 

1 4. An assembly as claimed in claim 1 2 in 
which said transparent liquid crystal driving 
dectrode Is made of a Slfi^ film, a metal film 

95 havingathteknessof 500 AorlesSrOrathlnfilm 
of silicon. 

1 5. An assembly as dalmed in any of claims 1 
to 5 in which said assembly is fonmed by a high 
temperature process at a temperature of 600*^6 

1 00 or higher, said first insulating layer comprising a 
thin thermal oxide film of silicon. 

1 6. An assembly as claimed in claim 6 In which 
saki assembly is formed by a high temperature 
process at a temperature of 600**C or higher, aaki 

105 first and/br second insulating layer oomprldng 
said first and/or second layer of silicon 
respectively v^ich has been thermally oxidised. 

1 7. An assembly as dalmed in daim 1 2 
including a tiqukJ crystal segment drivable In a 

110 twisted nematic moda 

1 8. An assembly as dalmed in any preceding 
daim induding a substrate on which the active 
matrix assembly Is formed together with at least 
one peripheral drhre drcuft, said at least one 

115 peripheral drive drcuit Induding nonnnverting 
ratioless shift registers. 

1 9. An active matrix assembly substantialhr as 
herein described with reference to and as shown 
in Figures 3 to 1 7 in the accompanying drawings. 

1 20 20. An active matrix assembly comprising a 
thin film of silicon which defined a channel. 

21 . An active matrix assembly comprising a 
first thin film of silicon, a first insulation film on 
said first thin film of silicon, and a second thin film 

125 of silicon. 

22. An active matrix assembly comprising a 
first thin film of silicon, a first insulation film on 
said first thin film of silicon, and a second thin film 
of silicon on said first insulation film, said first and 
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second thfn films of silicon constituting a channel 
and a gate, respectively, of a transistor. 

23. An active matrix assembly comprising a 
first thin film of silicon, a first insulation film on 



5 said first thin film of silicon, and a second thin film 
of silicon on said first insulation film, said first and 
second thin films of silicon constituting a gats and 
a channel, respectively, of a transistor. 
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